Cross-coupling reactions consist of reactions between an electrophilic organic species such as a halide or a pseudohalide (triflate, tosylate, mesylate) (R1-X) and an organometallic reagent (R2-M; M = Mg, Li, Cu, Zn, Al, B and Si). These reactions are catalyzed by a metal transition complex based on nickel or palladium, and result in the formation of new CClO.sub.2 bonds. Many cross-coupling reactions have thus been developed in about twenty years, by varying the nature of the electrophile, organometallic reagent and transition metal (Scheme 1). The most commonly used coupling reactions involve palladium as a transition metal, and the diversity of these reactions is based on the type of organometallic used, based on aluminum, zinc or zirconium (Negishi coupling), [1] boron (Suzuki coupling), [2] magnesium (Kumada coupling), [3] tin (Stille coupling) , [4] or silicon (coupling of Hiyama) .[5] The development of this type of reaction allowed Richard Heck, Ei-ichi Negishi and Akira Suzuki to be awarded the Nobel Prize for Chemistry in 2010.[1].
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Cross-coupling reactions consist of reactions between an electrophilic organic species such as a halide or a pseudohalide (triflate, tosylate, mesylate) (R1-X) and an organometallic reagent (R2-M; M = Mg, Li, Cu, Zn, Al, B and Si). These reactions are catalyzed by a metal transition complex based on nickel or palladium, and result in the formation of new CClO.sub.2 bonds. Many cross-coupling reactions have thus been developed in about twenty years, by varying the nature of the electrophile, organometallic reagent and transition metal (Scheme 1). The most commonly used coupling reactions involve palladium as a transition metal, and the diversity of these reactions is based on the type of organometallic used, based on aluminum, zinc or zirconium (Negishi coupling), [1] boron (Suzuki coupling), [2] magnesium (Kumada coupling), [3] tin (Stille coupling) , [4] or silicon (coupling of Hiyama) . [5] The development of this type of reaction allowed Richard Heck, Ei-ichi Negishi and Akira Suzuki to be awarded the Nobel Prize for Chemistry in 2010. [1] .
Since its discovery in 1805 by Wollaston, the use of palladium has developed in different fields such as the manufacture of medical equipment, as a substitute for steel, and especially in chemical synthesis.127 Following the fortuitous discovery of Walter Hafner in which ethylene exposed to oxygen and palladium on carbon led to the production of acetaldehyde, the interest of palladium in the synthesis of organic compounds was highlighted. This discovery was exploited in an industrial process, the Wacker process (Scheme 1). [6] 
Figure 1: Wacker Process
The first product from an oxidative addition between PdO-(PPh3) 4 and an aryl halide was obtained by Fitton et al. in 1968.129 In the same period, it was demonstrated by Tsuji that the nucleophilic substitutions on the allylic substrates possessing a leaving group could be catalyzed by palladium, via an π-allyl palladium intermediate complex (Scheme). The regeneration of palladium at oxidation state 0 at the end of the cycle suggests the possibility of a catalytic cycle, which is new for the time. 
©Annals of Tropical Medicine & Public Health S201
The Heck reaction makes it possible to form a coupling between a halogenated derivative and an alkene. After demonstrating the formation of a C-C bond between an organomercuric derivative and an alkene in 1968, he became interested in developing a new method with a halogenated derivative, in order to abstain from highly toxic organomercurics (Scheme 3).
The Kumada-Corriu reaction consists of a coupling between an alkyl or aryl Grignard reagent and an aryl or vinyl halogenated derivative, most often catalysed by nickel, although some publications have reported the use of palladium.
Negishi's work has shown that coupling reactions can be catalyzed by nickel and palladium interchangeably. [1] . On the other hand, even if it is more expensive, palladium makes it possible to obtain better yields when coupling between a nickel and palladium. alkyne and an alkene or an aryl and an alkyne. In addition, palladium complexes are compatible with more functional groups than nickel complexes.
The coupling of Negishi is the first reaction to have allowed the formation of an asymmetric biaryl compound with a good yield. It initially consisted of a cross-In the same period, Eaborn et al reported the first coupling reaction between an aryl halide and a palladium catalyzed organostannane (Scheme 3). This is the coupling of Stile. [7] Subsequently, the coupling of an organostannane bearing a double bond with an aryl halide was used to synthesize variously substituted ketones. [6, 7] The drawbacks of this type of Coupling remains the toxicity of tin derivatives and the low polarity of these compounds rendering them poorly soluble in water. 
The reactions of Negishi, Kumada, Stille and Suzuki have a very similar mechanism, which differs for the coupling of Heck (Scheme 4). [1] . the only step common to all these reactions is the oxidative addition of the aryl halide to palladium with the degree of oxidation 610, which initiates the catalytic cycle. Many phosphine ligands (Ln) are used to stabilize Pd (0), but various parameters such as size, stoichiometry, and electron effects of the ligand influence the reactivity of the catalyst during the oxidative addition and deoxidation steps. The most commonly used ligand is triphenylphosphine (PPh3), but synthesis and the search for new ligands are very active.
In the Heck reaction, the second step consists in the coordination of the alkene with palladium at the oxidation level II, then at its migratory insertion in syn. The regioselectivity of insertion depends on the nature of the alkene, the ligand used and the conditions reaction. The formed organopalladic species then undergoes a hydride beta-elimination to form the corresponding alkene, followed by a reductive elimination in the presence of a base, to regenerate the initial palladium at the oxidation state 0.141
In the other couplings, the second step is a transmetallation of the R1 group of the organometallic on the palladium complex. The last step is a reductive elimination which leads to the regeneration of the Pd (0) palladium catalyst and the creation of a C-C bond. 
Methodology:
The results of these reactions are summarized in Table 1 . Table 1 Stephens is the formation of the organocuprate in situ, making it possible to use catalytic amounts of copper and to overcome the risk of explosion of copper acetylides. The Sonogashira reaction makes it possible to obtain di-substituted alkynes, by reaction between an aryl or vinyl halide and a terminal alkyne, in the presence of a catalytic amount of copper and palladium salt [19] .
This reaction has many advantages and disadvantages which are summarized in Table 2 The catalytic cycle of the Sonogashira coupling reaction involves 3 steps common to other palladiumcatalyzed coupling reactions [20] .
The first step is an oxidative addition of the halogenated derivative (R1-X) to the palladium catalyst Pd (0) to form Pd (II) as an R1-Pd (II) -X complex.
The second step is a transmetallation of the R2 group of the organocuprate on the complex R1-Pd (II) -X. This step first requires the conversion of the alkyne to copper acetylide in the presence of a base and a copper salt.
The last step is a reductive elimination which leads to the regeneration of the palladium catalyst Pd (0) and to the creation of a link.
The exact mechanism of copper / palladium co-catalysis is not fully understood, but these two metals appear to be involved in two distinct catalytic cycles.
Most of the synthetic routes involving a Sonogashira coupling use PdCl2 (PPh3) 2 and CuI in the presence of amine as co-catalyst. The development of more reactive palladium catalysts, making it possible to dispense with co-catalysis with copper, appears as a new challenge.166 Indeed, the presence of copper requires being in an inert atmosphere because in basic medium and in the presence of oxygen, the homo-coupling of the alkyne to itself can take place according to the Hay / Glaser reaction
C) Coupling applications of Sonogashira
Coupling of Sonogashira is involved in many routes of synthesis of natural products such as (-) Heliannuol E, 168 mapicine169 and N1999A2170 with antibiotic properties .
D) Imidazole series applications
The reactivity of imidazoles with Sonogashira coupling has been studied by several teams.
This coupling was carried out in particular on brominated imidazoles at the 4-position. In the 2,5imidazole dicarboxamide series (Scheme 35), the yields of coupling product were less than 50% whereas in series 1-methyl-2-phenyl-1H-imidazole-5-carbaldehyde (Scheme 36), they reached 83%. new imidazopyridines with good yields between 50 and 99%, using variously substituted alkynes.
The application of Sonogashira has been reported by Mutel et al. in 2002 More recently, our team synthesized a series of 21 novel 5-nitroimidazoles by coupling Sonogashira to 1,2-dimethy l-5-nitro-1H-1. imidazole with good yields (40 to 98%) (Scheme 39). This method tolerates a large number of variously substituted alkynes (acetylenic alcohol, aliphatic terminal alkyne and aryl acetylene). [22, 23] .
Conclusion
Coupling Sonogashira is a coupling widely used in the pharmaceutical industry and in the development of new therapeutic molecules. The mild reaction conditions and the large number of "tolerable" functional groups make it one of the most used palladium-catalyzed couplings. There are some examples of Sonogashira coupling on an imidazole nucleus, of which only two are on a nitrated imidazole. In the second part of this chapter, we will discuss the synthesis of new 5-nitroimidazoles by Sonogashira coupling.
